Objective: To present recommendations for athletic trainers and other allied health care professionals in the conservative management and prevention of ankle sprains in athletes.
concluded that the only consistent risk factor identified across original research studies was a previous history of ankle sprain.
Despite the frequency of ankle sprains in athletes, the outcomes associated with these injuries are less than optimal. Individuals who sustain initial ankle sprains demonstrate high recurrence rates, prolonged symptoms, diminished quality of life, reduced physical activity levels across the lifespan, a propensity to develop chronic ankle instability, and an increased risk for ankle osteoarthritis. 4 Managing these injuries appropriately is clearly problematic for sports health care professionals. The purpose of this position statement is to present recommendations for certified athletic trainers and other allied health care professionals in the conservative management and prevention of ankle sprains in athletes. Our recommendations are reinforced by relevant scholarly evidence currently available in peer-reviewed publications and graded according to the Strength of Recommendation Taxonomy (Table) . 5 
Recommendations
The National Athletic Trainers' Association (NATA) suggests the following guidelines in the management and prevention of ankle sprains in the athletic population. Abbreviations: RCT indicates randomized controlled trial; SR, systematic review. a In general, only key recommendations for readers require a grade of the ''Strength of Recommendation.'' Recommendations should be based on the highest quality evidence available. For example, vitamin E was found in some cohort studies (level 2 study quality) to have a benefit for cardiovascular protection, but good-quality randomized trials (level 1) have not confirmed this effect. Therefore, it is preferable to base clinical recommendations in a manuscript on the level 1 studies. Reprinted with permission from ''Strength of Recommendation Taxonomy (SORT) Patient-oriented evidence measures outcomes that matter to patients: morbidity, mortality, symptom improvement, cost reduction, and quality of life. Disease-oriented evidence measures intermediate, physiologic, or surrogate end points that may or may not reflect improvements in patient outcomes (e.g., blood pressure, blood chemistry, physiologic function, pathologic findings). c High-quality diagnostic cohort study: cohort design, adequate size, adequate spectrum of patients, blinding, and a consistent, well-defined reference standard. d High-quality RTC: allocation concealed, blinding if possible, intention-to-treat analysis, adequate statistical power, adequate follow-up (greater than 80%). e In an all-or-none study, the treatment causes a dramatic change in outcomes, such as antibiotics for meningitis or surgery for appendicitis, which precludes study in a controlled trial.
Diagnosis
1. The patient's history, including the mechanism of injury and past injuries and clinician observation and palpation, can provide important insights into the anatomical structures that may be injured in a patient suspected of having an ankle sprain. However, the severity of injury may be difficult to determine. Evidence Category: C 2. Assessment of active, passive, and resistive range of motion (ROM) about the ankle can provide insight into injury to ligaments, muscles, tendons, and nerves. Evidence Category: C 3. Special tests to assess injury to the lateral ankle ligaments, such as the anterior drawer and inversion talar tilt tests, performed soon after injury and before joint effusion has accumulated, may have better diagnostic accuracy than tests performed after effusion has occurred. Evidence Category: C 4. Special tests such as the anterior drawer and inversion talar tilt tests have more diagnostic accuracy 5 days after injury than they do 2 days after injury. 6, 7 Evidence Category: B 5. Clinicians must be vigilant in assessing associated lesions, both local and distant to the talocrural joint, that may accompany ankle sprains. Evidence Category: C 6. Special tests for high ankle sprains, such as the squeeze test, Cotton test, external-rotation test, and fibular translation test, should be performed to assess injury to the anterior-inferior tibiofibular ligament. Evidence Category: C 7. The Ottawa Ankle Rules (OARs) are a valid clinical tool to determine the need for radiographs of the acutely injured ankle or midfoot. 8, 9 Evidence Category: A 8. Stress radiography is an unreliable tool to detect acute ligamentous disruption after ankle sprain. 10 Evidence Category: B 9. Magnetic resonance imaging (MRI) is a reliable technique to detect acute tears of the anterior talofibular ligament and calcaneofibular ligament after acute injury. [11] [12] [13] Evidence Category: B 10. Osteochondral lesions of the talus can be accurately detected by both MRI and computed tomography (CT). 14, 15 Evidence Category: B 11. Compared with MRI, diagnostic ultrasound is useful but less accurate and sensitive in detecting acute lateral ankle ligamentous injury. 13, 16, 17 Evidence Category: B 12. Arthrography and tenography are less accurate than MRI and CT, especially when performed 48 hours after lateral ligamentous injury. 18, 19 Evidence Category: B 13. After acute trauma, MRI has high sensitivity, specificity, and accuracy to determine the level of injury to the ankle syndesmotic ligaments. 20, 21 Evidence Category: B
Treatment and Rehabilitation

14.
Cryotherapy should be applied to acute ankle sprains to reduce pain, minimize swelling formation, and decrease secondary injury. [22] [23] [24] Evidence Category: C 15. Compression should be applied to acute ankle sprains to minimize swelling. 25 Evidence Category: C 16. The limb with the acute ankle sprain should be elevated to minimize swelling. 26 Evidence Category: C 17. Nonsteroidal anti-inflammatory drugs, administered orally or topically, reduce pain and swelling and improve short-term function after ankle sprains. [27] [28] [29] Evidence Category: A 18. Functional rehabilitation is more effective than immobilization in managing grade I and II ankle sprains.
30,31
Evidence Category: A 19. Grade III sprains should be immobilized for at least 10 days with a rigid stirrup brace or below-knee cast and then controlled therapeutic exercise instituted. 30, 32 Evidence Category: B 20. Electrical stimulation can be used as an adjunct to minimize swelling during the acute phase of injury. 33, 34 Evidence Category: C 21. Clinicians should refrain from thermotherapy during the acute and subacute phase of injury due to lack of evidence and the potential to exacerbate the injury. 35 45, 80 and impaired movement strategies. 79, 80 Evidence Category: C 37. Intervention strategies should address specific deficits in patients with CAI. Manual therapy techniques used to restore normal arthrokinematic motion may be beneficial to help restore dorsiflexion ROM. 44, 81 Strategies that focus on balance, strength, and dynamic movements with changes in direction may be effective in reducing the risk of recurrent ankle sprains in patients with functional deficits. 41, 63, 80 Evidence Category: B
BACKGROUND AND LITERATURE REVIEW Physical Examination
History, Observation, and Palpation. The clinician begins the physical examination of a patient with an acute ankle injury by asking about any history of injury. A previous ankle sprain is the most common predisposing factor for a recurrent ankle sprain. 4 The mechanism of injury should provide insight into which anatomical structures may be damaged. The most common mechanism of injury for a lateral ankle sprain is a distinct inciting event that involves supination of the rearfoot coupled with external rotation of the lower leg. This mechanism is often described as a plantar flexion-inversion mechanism, but it is important to realize that this mechanism frequently involves internal rotation (adduction) of the foot as well. The anterior talofibular ligament (ATFL) is the most commonly sprained lateral ligament, followed by the calcaneofibular ligament (CFL). 82 Less often, eversion and external rotation (abduction) of the foot coupled with internal rotation of the lower leg may result in a medial ankle sprain involving the deltoid ligament. This mechanism can also produce concomitant or isolated injury to the distal tibiofibular syndesmosis. Syndesmotic injury can also occur with forced and excessive plantar flexion of the ankle, such as when a player is tackled from behind in football, or with excessive dorsiflexion, such as when an individual accidently steps in a hole. 83 Thorough observation of the foot, ankle, and lower leg on the injured side should provide further insight as to which anatomic structures may be injured. The clinician should look for deformity, swelling, and discoloration. Gross deformities are typically seen with fractures and dislocations, but it is important to note that not all fractures present with deformity. Ankle sprains are often accompanied by swelling in and around the ankle joint; the location of the swelling may indicate which structures are involved, especially if the observation occurs in the minutes or hours immediately after injury. Swelling magnitude does not correlate with self-reported function after acute ankle sprain. 84 Quantification of swelling with a figure-8 measure of ankle girth or water volumetrics may be useful in tracking changes over the course of injury recovery. Additionally, ascertaining if the athlete was able to bear weight or continue playing before reporting the injury is important in helping to rule out a fracture. 8 Palpation of specific anatomical structures at and around the injured ankle will yield further information for formulating a differential diagnosis. Point tenderness over the injured ligaments is a good indicator of the injured structures 85 ; however, the structural integrity of potentially injured ligaments should also be assessed with special tests. Bony tenderness over the fibular attachment sites of the ATFL should not raise suspicion of a fracture. 8 Surrounding muscles and tendons should also be palpated. Ankle ROM should be assessed comprehensively and include testing of passive, active, and resistive ROM in both the sagittal (plantar-dorsiflexion) and frontal (inversion-eversion) planes. Limited total ROM may be due to an intra-articular lesion or swelling within the joint. Passive ROM is helpful in identifying injured structures under tension, whereas active and resistive ROM testing may be used to identify musculotendinous damage, muscle inhibition associated with joint injury, or both.
Ligamentous Special Tests. Surprisingly few authors have evaluated the diagnostic accuracy of special tests to assess the most commonly injured ankle ligaments. The gold standard for ligamentous injury has been observation of such injury during surgery. 6, 7, 86, 87 These results can thus be applied to the diagnostic accuracy of special tests in the assessment of severe, rather than mild, ankle sprains. The anterior drawer test is the most common test performed to assess the integrity of the ATFL. Sensitivity values have been reported to range from 32% to 80%. 6, 86, 87 Specificity of the anterior drawer test has only been reported in 1 study 6, 7 and was 80%. A positive anterior drawer test 5 days after injury is more sensitive and specific than an examination performed within 48 hours of injury. 7 Diagnostic accuracy of the inversion talar tilt test has been reported in a single study, 86 with sensitivity of 52%. Specificity of the inversion talar tilt test has not been reported. Several special tests have been advocated for identifying high ankle sprains, including the squeeze test, Cotton test, external-rotation test, and fibular translation test; however, the diagnostic accuracy of these tests has received little attention. 18 Similarly, the diagnostic accuracy of physical examination immediately after injury in athletes has not been determined. Special tests performed before swelling accumulates in and around the ankle may be of more clinical utility than tests performed later after injury.
Imaging: Osseous Injuries. Radiographs are ordered for 80% to 95% of patients who present to the hospital emergency room after foot and ankle trauma, yet only 15% of these patients actually have bone fractures. 88 The OARs were developed to reduce unnecessary radiography in patients with ankle sprains. 89 These clinical decision guidelines state that radiographs of the ankle are necessary only when pain is present in the malleolar zone and the patient exhibits any of the following findings: (1) bone tenderness along the distal 6 cm of the posterior edge of the medial or lateral malleolus, (2) bone tenderness directly at the tip of the medial or lateral malleolus, or (3) inability to bear weight and walk 4 steps immediately after the injury or at the emergency room. Radiographs of the feet are indicated with pain in the midfoot zone and any of the following findings: (1) tenderness of the navicular bone or the base of the fifth metatarsal or (2) inability to bear weight and walk 4 steps immediately after the injury or at the emergency room. These rules were later modified by Leddy et al 90 to include tenderness at the middle third of the malleoli, with some improvement in specificity but no change in sensitivity compared with the standard OARs.
The OARs have been extensively studied for accuracy in predicting the presence of fractures in the ankle and midfoot of patients with an ankle sprain. Bachman et al 8 conducted a systematic review of 27 studies involving 15 581 patients who had sustained an ankle sprain. The OARs demonstrated nearly 100% sensitivity in detecting a fracture of the ankle or midfoot, but specificity was quite variable, ranging from 10% to 79%. The missed fracture rate was 1.4%, which indicates that fewer than 2% of patients who were negative for fracture according to the OARs actually had a fracture.
A systematic review of studies of the accuracy of the OARs to exclude fracture of the ankle and midfoot in children was conducted by Dowling et al. 9 Twelve studies of 3130 children (age range ¼ 6 to 19 years) who presented to the emergency room after ankle trauma demonstrated 671 fractures (prevalence ¼ 21.4%). The pooled sensitivity of the OARs to exclude fracture of the ankle or midfoot was 98.5%, whereas specificity was 7.9% to 50%. When the OARs were applied in this pediatric population, 1.2% of fractures were missed. The authors concluded that the OARs could reduce radiographs in children by 24.8%.
Jenkin et al 91 noted several limitations of studies evaluating the OARs in athletic patients. Most investigations have been conducted in the emergency departments of hospitals, and few describe the qualifications of the clinicians who evaluated the patients. No studies of accuracy of application of the OARs by certified athletic trainers have been published.
Other fractures can accompany inversion ankle injury. Fractures of the anterior process of the calcaneus are caused by an avulsion injury from the bifurcate ligament, which occurs with forced inversion of the ankle and hindfoot. A snowboarder's injury, which may be misdiagnosed as a lateral ankle sprain, occurs when an abrupt shear force is exerted on the lateral process of the talus, resulting in fracture when the foot is in a dorsiflexed, externally rotated, and everted position. Inversion ankle injuries may also cause avulsion of the posterior-lateral process of the talus at the attachment site of the posterior talofibular ligament. Additionally, avulsion fractures at the base of the fifth metatarsal can occur from stretching of the peroneus brevis muscle during inversion trauma. 92 Although all 3 types of fractures may be diagnosed with conventional radiographs, advanced techniques using CT or MRI are often required to adequately visualize the injury.
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Imaging: Ligamentous Injury. Several diagnostic imaging techniques are available to assess injury to ligaments after ankle trauma. The purpose of advanced imaging is to determine the exact location and severity of injury. However, imaging studies that evaluate ligament integrity have questionable value in assessing acute ankle injury because treatment decisions and outcomes are not usually influenced by the results of these studies. 94 Stress radiography has long been used to diagnose mechanical instability of the lateral ligaments of the ankle, but the reliability of these measures has been questioned. 11 Radiographic measurements of anterior drawer and talar tilt tests show low sensitivity (50% and 36%, respectively) but high specificity (100%). 95 A critical review 10 of 7 studies of stress radiography to diagnose ligamentous rupture after acute ankle sprain concluded that anterior drawer and talar tilt stress radiographs are not reliable enough to make the diagnosis of ligament rupture, regardless of whether mechanical devices or local anesthesia is used.
Other radiographic techniques used in the past include ankle arthrography and peroneal tenography. The accuracy of ankle arthrography ranges from 65% to 96%, 18 and the accuracy of peroneal tenography to detect rupture of the CFL ranges from 83% to 95%. 19 Disadvantages of arthrography include reduced accuracy 48 hours after trauma, the invasive nature of the procedure, and the lack of direct visualization of the injured ligaments. 18 As the preferred imaging technique to detect ligament rupture after ankle sprain, MRI has replaced arthrography. However, the accuracy, sensitivity, and specificity of MRI to diagnose ligament injury in acute ankle sprains are inconsistent, particularly when acute injury is compared with CAI. The gold standard with which MRI is compared is intraoperative inspection. Breitenseher et al 11 found 74% sensitivity and 100% specificity of MRI to detect lateral collateral ligament disruption after acute ankle injury. Conversely, Verhaven et al 12 showed 100% sensitivity and 50% specificity for MRI to detect tears of the ATFL and 92% sensitivity and 100% specificity to detect tears of the CFL. In patients with CAI, MRI specificity was 100% for the diagnosis of ATFL and CFL tears, and accuracy was 91.7% for ATFL and 87.5% for CFL tears. 96 In a mixed population of CAI and acute ankle instability patients, MRI showed 97% sensitivity, 100% specificity, and 97% accuracy. 13 However, when evaluating only acutely injured patients, the results were 100% for all 3 categories. 13 In addition, MRI can be useful in demonstrating any associated injuries that may delay complete recovery, such as osteochondral contusions in the ankle, which are prevalent after inversion sprains. 97 The ankle syndesmotic ligament complex includes the anterior inferior tibiofibular ligament, posterior inferior tibiofibular ligament, interosseus ligament, and interosseous membrane. For athletes suspected of sustaining a high ankle sprain, plain radiographs are recommended and may demonstrate widening of the ankle mortise when the injury is significant. 93 Less severe injuries to the syndesmosis will not show a clear change of alignment on plain radiographs, and additional evaluation with MRI imaging, CT, or arthroscopy is recommended. 97 Overall, although radiographs can reveal frank diastasis of the ankle, they should not be relied upon to detect lesser degrees of syndesmotic injury. 97, 37 For evaluation of the ankle syndesmotic ligaments after acute injury, MRI has high sensitivity and specificity, with the former ranging from 93% to 100% and the latter ranging from 96% to 100%. 20, 98 Disadvantages of MRI for acute ankle injuries include cost, lack of accessibility in the average clinical setting, and time required for the test. Diagnostic ultrasound has gained increased popularity as an alternative to MRI because it is portable and less expensive and provides immediate and dynamic images for interpretation. However, it is important to note that these advantages are operator dependent. Oae et al 13 prospectively studied 19 patients with acute ankle sprains and compared ultrasonography with MRI for accuracy in detecting injury to the ATFL as confirmed by arthroscopy. For ultrasound versus MRI, accuracy was 95% and 100%, and sensitivity was 50% and 100%, respectively. Other authors 16, 17 who compared ultrasonography for acute ankle injuries with surgical findings have shown accuracy ranging from 90% to 100% for both the ATFL and CFL.
Imaging: Osteochondral Injuries. An osteochondral lesion of the talus (OLT) is a defect in the articular cartilage and underlying cancellous bone. The cause of this injury has been debated, but there appears to be a strong link with trauma to the talus during inversion ankle injury. A comprehensive review 99 of 582 patients with OLT lesions showed that 76% reported trauma 99 ; 56% of the lesions were medial, and 44% were lateral. Patients who developed sequelae from inversion ankle injury had an incidence of OLT between 38% and 81%. 100 Similarly, patients who underwent surgery for lateral ankle instability demonstrated a 17% to 63% incidence of OLT. 101 Plain radiographs often do not reveal the presence or extent of OLT, particularly in cases of acute ankle trauma. When an OLT is suspected, MRI and CT both offer advantages. In 1 study, 14 sensitivity and specificity for MRI, CT, and arthroscopy were 96%, 81%, and 100% and 96%, 99%, and 97%, respectively. Although CT may better show the extent of bone injury, MRI is preferred as the initial tool to evaluate OLT because a wider range of other conditions can also be detected. 15 
Management of Lateral Ankle Sprains
Rest, ice, compression, and elevation (RICE) is almost universally accepted as best practice by athletic trainers and other health care professionals immediately after acute ankle sprains. 22, 24, 26, 102 The acute phase of injury is defined as the period from the time of injury until the signs of inflammation (pain, heat, swelling, redness, and loss of function) peak and then begin to diminish. The subacute phase of injury occurs as the body shifts from inflammation to the proliferative stage, which is characterized by new collagen and capillary formation. The goals of acute care are to protect the injured ankle from further injury, control pain, limit swelling, and reduce the secondary hypoxic injury that results from the acute inflammatory reaction. 26 In spite of this near-unanimous clinical consensus, limited evidence from high-quality randomized clinical trials supports the use of these interventions. Typically, components of RICE are applied simultaneously in both clinical practice and research studies, making it impossible to determine which components are truly effective or potentially deleterious. 22, 24 Sports health care professionals, athletic trainers in particular, advocate the application of RICE immediately after injury and are arguably the only health care professionals who can consistently apply these interventions within minutes because they are often on site at the time of injury. Most of the rationale for using RICE or individual components is based largely on low-quality clinical trials and laboratory studies with uninjured participants or animal models. 22, 24, 27, 33 Cryotherapy. Laboratory and animal studies indicate that cryotherapy reduces nerve conduction velocity, causing analgesia of the skin, curbing swelling formation, and decreasing metabolic activity and subsequent secondary injury. 26, 33 Strong clinical evidence for advocating cryotherapy is limited, 22, 24 and 1 author 102 justified using cryotherapy on the basis that there is no evidence not to apply it.
Cryotherapy can be applied in a variety of modes, including ice packs, water immersion, application of frozen cups of ice, chemical cold packs, cold sprays, and the commercial units that are popular among clinicians. In addition to the various modes of application and differences in the duration of treatment, rates of reapplication are highly variable. Suggested times of 20 to 30 minutes are often recommended as they allow for temporary analgesia and may reduce secondary injury. 26 This time interval was challenged by Bleakley et al, 23 who compared a 20-minute treatment with two 10-minute treatments separated by a 10-minute rest period; the intermittent treatment produced less pain 1 week after injury, but no differences were seen in swelling and subjective function. Currently, the optimal mode, duration, and frequency of reapplication have not been established. Caution should be used when applying chemical cold packs: The below-freezing temperature and direct exposure to the skin can cause tissue damage. 26 To reduce the risk of injury, a barrier, such as a wet towel, should be applied to the skin when using a chemical cold pack. During the subacute phase of therapy, cryotherapy can be applied for approximately 10 minutes to induce analgesia and allow exercise to improve ankle function (cryokinetics). 26, 37 Cryotherapy can be reapplied for 3 to 5 minutes to allow additional bouts of pain-free exercise. Although the clinical evidence is sparse, cryotherapy has been a mainstay of clinical practice for rehabilitation specialists.
Compression. Compression of the injured ankle is used to control swelling during the acute and subacute phases of injury 25, 26 and is applied in a variety of modes, including elastic wraps, adhesive tape, commercial braces, and units that apply simultaneous cold and compression. Acute inflammation increases the permeability of capillary walls, which allows fluid to escape the vasculature and enter the tissue spaces. Applying compression against the skin over the injured tissue controls hemorrhaging and is thought to increase the hydrostatic pressure at the injury site and counteract the increased osmotic pressure resulting from the injury. [25] [26] [27] As with cryotherapy, limited evidence from high-quality clinical trials supports the use of compression, and minimal research supports the advantages and disadvantages of one mode of compression over another. Wilkerson and Horn-Kingery 25 compared modes of compression and found that patients who received focal compression tended to recover function sooner than those who received uniform compression, but the differences were not statistically significant. Guskiewicz et al 103 examined the effects of an elastic wrap and focal compression pad versus 2 commercial braces and noted no difference in pain, swelling, or function between groups. Tsang et al 104 reported that intermittent compression and elevation reduced ankle volume, but swelling returned within 5 minutes after the treatment, thereby casting doubt on the clinical usefulness of the intervention. Rucinski et al 105 showed that limb volume increased with elastic wraps and intermittent compression as compared with control limbs that were elevated. In addition, some clinicians apply adhesive tape without enclosing the entire ankle, leaving a portion of the dorsal aspect open to allow for additional swelling. However, the evidence to support or refute this open-basket-weave technique is essentially nonexistent. We are unaware of any reports of detrimental effects related to the application of compression after acute ankle sprain. Although compression has near-universal clinical acceptance, limited research and conflicting results make it difficult to provide specific treatment recommendations.
Electrical Stimulation. Electrical stimulation, in particular high-voltage pulsed current (HVPC), is a common adjunct to RICE in the acute and subacute phases of ankle sprains. Clinicians apply RICE and HVPC to sprains during the acute and subacute phases of injury in part to control edema because they believe that doing so eases acute symptoms, which may in turn affect the rate of recovery of normal function. Even though HVPC reduces capillary permeability and curbs edema formation in animal models, 33 data from human studies do not support this intervention or other forms of electrical stimulation in managing ankle sprains. 34 Recently, Mendel et al 106 reported that near-continuous HVPC applied within 24 hours of acute lateral ankle sprains did not affect RTP in intercollegiate and professional athletes. Practical constraints delayed the initiation of electrical stimulation on average by almost 8 hours, well after edema formation was underway as a result of acute inflammation; this is a plausible rationale for the different outcomes between laboratory and clinical studies.
Thermotherapy. Traditionally, thermotherapy has not been recommended for acute management of ankle sprains given the widely held empirical belief that heat increases swelling and blood flow and exacerbates the injury. In 1 of the few studies of thermotherapy, Cote et al 35 examined the effect of cold, warm, and contrast therapy (alternating cold and hot) on subacute ankle edema. No effect was reported, and all interventions increased limb volume, but the most significant increases were with warm and contrast therapies. As a result, thermotherapy is not recommended due to the lack of quality research needed to make a clinical recommendation either for or against the practice. Thermal ultrasound therapy is used by clinicians for a variety of soft tissue injuries to reduce pain and increase ROM, yet the literature does not support the use of ultrasound in managing ankle sprains due to the lack of high-quality clinical trials. 36 Nonsteroidal Anti-Inflammatory Drugs. Strong evidence 27, 29 indicates that nonsteroidal anti-inflammatory drugs (NSAIDs) used during the acute and subacute phases of injury decrease pain and improve short-term function after acute ankle sprains. Slater et al 29 compared piroxicam with placebo in 364 military recruits who sustained lateral ankle sprains. The NSAID group had less pain, returned to training more quickly, and had better exercise endurance than those who received placebo treatment. However, the piroxicam group had greater instability, less ROM, and more swelling 14 days after injury. The authors speculated that the analgesic effect of piroxicam might have allowed the participants to return to activity before the healing process was complete; this issue has been raised by others, 27 who advise caution in using oral NSAIDs. Some 107 have suggested that NSAIDs may result in reduced strength of the healed tendons and ligaments and may, therefore, make those structures more vulnerable to future injury. In addition, gastrointestinal irritation is common with NSAIDs. Adverse effects and other medical concerns must be factored into the decision by the athletic trainer and physician to include NSAIDs in the treatment plan for a lateral ankle sprain.
In addition to oral NSAIDs, topical NSAIDs have been effective in reducing pain and improving function in patients with ankle sprains and other soft tissue injuries. 28 Topical NSAIDs in the form of creams, gels, and sprays are applied or massaged (or both) over the injury site and can be reapplied several times during the day, depending on the type of medication. The major advantages to topical NSAIDs are their effectiveness in reducing pain without systemic side effects. Mazieres et al 28 examined the effects of an 8.2-3 11-cm ketoprofen patch applied over the painful region once per day for 7 days after acute sprains. This intervention resulted in reduced pain and swelling and improved self-reported function as compared with control limbs. 28 In addition to oral and topical NSAIDs, alternative medicine that has purported anti-inflammatory effects may be of value in managing ankle sprains and other musculoskeletal conditions. Kucera et al 108 examined the effects of high and low concentrations of a topical cream containing an extract from the flowering herb of a comfrey plant. A dosage of 2 to 3 g of cream was applied and massaged over the painful area 3 times per day. The higher concentration reduced pain at rest and with movement and
Functional Rehabilitation. The standard of care for grade I and II lateral ankle sprains is functional rehabilitation, which consists of ankle stabilization (via elastic bandage, bracing, taping, or external support or a combination of these) with progressive weight bearing and exercise. 30 The optimal management of grade III ankle sprains is less clear, but the current gold standard is functional rehabilitation. 30, 110 Clinical consensus suggests that some form of immobilization is necessary, although the best type and duration are currently unknown. Beynnon et al 30 compared an Air-Stirrup ankle brace and below-knee walking cast for 10 days followed by the use of an elastic wrap and found no difference in the number of days needed to return to normal walking and stair climbing. Like grade I and II sprains, grade III sprains are often managed by functional rehabilitation. 30 However, Lamb et al 32 reported that patients who wore a below-knee cast for 10 days had recovered function more rapidly by 3 months postinjury as compared with patients treated with an elastic bandage. They also reported that the Aircast brace produced similar results to the below-knee cast for ankle function at 3 months. Although these studies favor functional rehabilitation in the short term, long-term results are seldom reported, and sequelae are common. Surgical intervention is indicated when functional rehabilitation has failed and patients have chronic symptoms. Secondary reconstruction of grade III injuries is possible even years after injury, and outcomes are similar to those for primary repair. 111 Therapeutic Exercise. Therapeutic exercise, or functional treatment, includes interventions to restore ROM, strength, and sensorimotor function, which may be impaired after injury. This functional treatment has been shown to speed recovery when compared with immobilization. Bleakley et al 38 
between groups. Currently, best practice for management of ankle sprains includes exercises and mobilization techniques to restore ROM and strength to the periarticular musculature and balance training to restore function and reduce the risk of reinjury. [40] [41] [42] 64, 65, 112, 113 Strength and Muscle Activation Deficits. Concentric and eccentric strength deficits for the ankle evertors, invertors, and plantar flexors have been reported in the literature, both after acute injury and in patients with CAI, reinforcing the need to strengthen all muscles around the ankle after injury. [114] [115] [116] [117] [118] [119] Muscle inhibition may also occur from joint and ligamentous trauma and effusion after a lateral ankle sprain. 118, 120, 121 The peroneal muscles may be injured with an inversion sprain, resulting in decreased motor recruitment initially after injury and leading to secondary loss of eversion strength. 122 In 1998, Konradsen et al 116 reported that they were unable to test isometric eccentric eversion strength in 20% (n ¼ 9) of their 44 participants at 3 weeks postinjury. All participants demonstrated a decreased eccentric eversion moment postinjury that normalized at 6 weeks posttrauma. Acute ankle inversion trauma has also been reported to impair peroneal nerve function. 122 Kleinrensink et al 122 noted decreased superficial and deep peroneal motor nerve conduction velocity in all 22 patients examined 4 to 8 days postinjury. No clinical signs of peroneal nerve palsy were present, and the sample included patients with grade I, II, or III sprains. Although the peroneal nerve latency demonstrated a trend toward recovery, deep peroneal nerve motor conduction was still delayed at 5 weeks after injury. No correlation between nerve conduction velocity and clinical evaluation of ankle instability was reported.
Eccentric muscle actions may enhance joint stability by providing an antagonistic force that resists joint translation. 120, 123 Contributing factors for joint stability include both muscular strength and neuromuscular control. Therefore, a stronger muscle or muscle group has a greater ability to promote joint stability. 123 Concentric eversion deficits have been associated with patients who exhibit functional ankle instability (FAI). 112 Although the ability of the ankle evertors to contract in sufficient time to prevent sudden inversion has been questioned, 66 addressing these deficits remains a popular clinical intervention strategy. In addition, inversion strength deficits have been reported after acute injury and in patients with FAI. 65 Less studied are the roles of ankle dorsiflexor and plantar-flexor strength as contributing factors to FAI. Dorsiflexion strength does not appear to contribute to FAI, but deficits in eccentric plantar-flexor strength have been reported. 124 Participants with FAI who were involved in a 6-week progressive exercise program (10 minutes, 3 times per week) of 4-way resistive ankle exercises improved their ankle dorsiflexion and eversion strength and ankle-joint position sense. 39 Ankle-strengthening exercises are universally performed as part of a comprehensive rehabilitation program; however, the optimal mode and intensity of exercise used during rehabilitation are unknown. Clinical consensus suggests both open and closed chain exercises in a variety of modes should be performed to enhance muscle strength. 102 ROM Exercises. After a sprain, ankle-dorsiflexion ROM may be impaired, which can lead to functional limitations in gait and contribute to FAI and reinjury. 43 , 44 Youdas et al 125 examined the effects of 6 weeks of static calf stretching ranging from 30 seconds to 2 minutes but found no difference in dorsiflexion ROM between groups. Clinicians often recommend various stretching interventions (eg, wall, slant board, towel stretches) intended to elongate the posterior calf muscle-tendon unit, but the type of stretching and duration needed to produce a clinically meaningful change in ROM are unknown. Historically, ROM exercises for the ankle and foot (ie, dorsiflexion, plantar flexion, inversion, and eversion) are initiated during the acute and subacute phases of injury, but no evidence exists to suggest that 1 type of exercise is superior or even efficacious for improving patient outcomes.
Joint Mobilization. Another clinical approach to improve dorsiflexion after ankle sprains involves joint mobilization techniques to improve arthrokinematic and osteokinematic motion. After an ankle sprain, posterior glide of the talus can be restricted and contribute to decreased dorsiflexion. 43 Green et al 126 reported that the addition of an anteroposterior joint mobilization to a standard RICE protocol improved dorsiflexion ROM and gait as compared with a group that received RICE alone. In addition, posterior talar mobilization with movement techniques increased ankle dorsiflexion and talar glide after ankle sprains in the short term. 44 Mulligan 127 proposed the concept of an anterior positional fault of the fibula after a lateral ankle sprain. He suggested that during plantar flexion and inversion, tension from the ATFL can displace the fibula anteriorly. Hubbard and Hertel 128 reported that patients with subacute lateral ankle sprains had increased anterior positioning of the fibula as compared with the uninjured limb and matched controls. In addition, they showed a strong correlation between the amount of anterior positioning of the fibula and swelling. Management of positional faults with joint mobilization techniques and tape is gaining popularity, but further research is needed to clarify and substantiate the short-and long-term benefits of these interventions.
Sensorimotor Training. Freeman et al 53 suggested that the high reinjury rate was, in part, caused by proprioceptive impairment after ankle sprains. Since then, balance and sensorimotor exercises have become an integral component of ankle rehabilitation and have been shown to effectively reduce ankle reinjury rates. [40] [41] [42] Wester et al 42 found that a 12-week wobble-board training program initiated 1 week after injury decreased the chance of developing FAI in the experimental group. Only 25% of patients who were treated with wobble-board training reinjured the ankle, compared with 54% of the control group. None of the experimental group reported subjective signs of instability, compared with 25% of those in the control group. Holme et al 40 implemented 1 hour of supervised rehabilitation 2 times per week that focused on balance training; reinjury rates were 3% for treated limbs and 16% for control limbs. From these studies, McKeon and Hertel 41 calculated a numbersneeded-to-treat (NNT) analysis and demonstrated an NNT of 5 for patients exposed to balance training. In other words, 5 patients exposed to balance and sensorimotor training would prevent 1 ankle reinjury. In addition, an 8-week unsupervised home-based neuromuscular training after ankle sprains reduced reinjury rates. 54 Thus, balance training is a near-mandatory clinical intervention for athletes who have sustained an ankle sprain and especially for those individuals participating in high-risk activities such as basketball, soccer, volleyball, and football.
Acute and subacute management of lateral ankle sprains focuses on decreasing pain, minimizing swelling and secondary injury using RICE, and in some cases using NSAIDs. Functional rehabilitation is the treatment of choice for lateral ankle sprain and should include weight bearing as tolerated, ROM exercises, strengthening, joint mobilization techniques, and sensorimotor training as athletes transition into long-term management and return to function.
RTP Considerations
After a lateral ankle injury, it is often difficult to determine when an athlete can return to full sport participation. Although ROM, strength, and function are continually assessed during the rehabilitation process, it is also helpful to have quantifiable measures to assist in decision making. Two such measures are patient selfreports and functional performance tests. The following will provide an overview of current research related to this topic in the ankle-sprain literature.
Patient Self-Reports. When evaluating the effectiveness of any rehabilitation protocol, specific criteria are a vital component in injury management. Objective measures of function are a valuable part of this evaluation, but healthrelated quality-of-life assessments are equally important. 129 In particular, patient self-reports can provide valuable information about an athlete's readiness to RTP. Over the years, various instruments have been developed, each designed to address either a particular condition or general lower leg and foot function. Several instruments that have been tested in patients with ankle ligament injuries will be described in greater detail. These include the Foot and Ankle Disability Index (FADI), Foot and Ankle Ability Measure (FAAM), Foot and Ankle Outcome Score, Lower Extremity Function Test (LEFS), Sports Ankle Rating System, Olerud Scoring Scale, and Karlsson Ankle Function Score. The Composite Inversion Injury Scale 110 and Kaikkonen Functional Scale 75, 130 can also be used to evaluate patients with ankle sprains; however, they rely on clinician reports rather than patient self-reports of ankle function. Therefore, for the purpose of this paper, they were not included. Other instruments that were reviewed but have been tested using other lower extremity conditions were also not included in this review. This does not mean that these other instruments cannot be used in patients with lateral ankle sprains, only that research to date does not support their use in this population. The content validity, construct validity, reliability, and responsiveness to change of each instrument are specifically reported when available. Generally, content validity is the degree to which items on an instrument represent the attitude being tested. A group of items measures a behavior or construct. Reliability is the consistency of the instrument, and responsiveness to change is the degree to which an instrument can identify when a change occurs, such as after injury or a rehabilitation session.
The FADI was designed to identify functional limitations related to foot and ankle conditions. It has been used primarily in patients with CAI. It has 2 components: the main FADI with 26 items addresses activities of daily life, whereas the FADI-Sport has 8 items and addresses more advanced tasks that are related to physical activity. 131 Each item is scored from 0 (unable to do) to 4 (no difficulty at all), and a higher score indicates a higher level of function. The FADI has been reported as reliable and sensitive in detecting injury and change. 76 After extensive testing of the FADI, the FAAM was created. 132 The FADI and FAAM are nearly identical, except that 5 items were removed from the latter after advanced psychometric testing was conducted. Therefore, the FAAM has 21 items related to activities of daily life and 8 items related to sport activity. The FAAM has construct validity for patients with CAI. 133 The LEFS is a questionnaire that includes 20 items, and each item is scored from 0 (extreme difficulty or unable to perform activity) to 4 (no difficulty). It allows patients to report their ability to perform a variety of tasks that range from daily activities (eg, putting on shoes) to more advanced sport-specific tasks (running and hopping). The LEFS is a reliable and valid measure that is sensitive to change. 134, 135 Interestingly, this instrument does not ask questions that are specific to the ankle; however, it has been found to accurately report functional limitations in patients with acute inversion ankle sprains while also being sensitive to change in patients recovering from an ankle sprain. 135 The Sports Ankle Rating System includes both selfassessment (Quality of Life) and clinically administered (Clinical Rating Score) components. This instrument is unique in that the components can be used individually or together to provide a more comprehensive evaluation. 136 The Quality of Life outcome measure is a 5-part selfassessment questionnaire that evaluates symptoms, work and school activities, recreation and sports, activities of daily living, and lifestyle. Each item is graded using a Likert scale ranging from extreme dysfunction (0) to normal function (4). Therefore, a higher score indicates better function. The second component, the Clinical Rating Score, includes both patient-based and clinician-based parts. In the patient-based part, a visual analog scale is used to report the severity of pain, swelling, stiffness, giving way, and function. The clinician-based part evaluates gait, motion, strength, ligamentous stability, postural stability, and function. As a summary component, the Single Assessment Numeric Evaluation asks the patient to answer the following question: ''On a scale of 0 to 100, how would you rate your ankle's function with 100 being normal?'' The scale has excellent content validity and test-retest reliability. 136 It also effectively differentiates between patients with and without ankle sprains and is responsive to change during the healing process. 136 The Karlsson Ankle Function Score is an 8-item questionnaire that evaluates pain, swelling, instability, stiffness, stair climbing, running, work activities, and use of ankle supports. These items are scored; a total of 100 points indicates normal ankle function. 137 Similarly, the Olerud Scoring Scale is a 9-item questionnaire that includes items related to pain, stiffness, swelling, stairs, running, jumping, squatting, use of supports, and daily life. It is also scored from zero to 100. 138 Originally, the Olerud Scoring Scale was developed to evaluate the symptoms related to ankle fractures 89 and other acute ankle injuries. 139 Although both questionnaires have been used in research on patients with ankle injuries, 139, 140 no published evidence addresses their reliability or construct validity.
In summary, each of these questionnaires provides an opportunity to gather additional information related to an athlete's readiness to RTP after an ankle injury. No goldstandard questionnaire has been globally agreed upon, so clinicians should evaluate each questionnaire and determine which is best for their population and setting.
Functional Performance Testing
Restoration of sport-specific skills was 1 criterion identified in the American College of Sports Medicine's RTP consensus statement. 141 Objectively, measurement of an athlete's ability to perform these skills is conducted through functional performance testing. Athletes should be able to perform a variety of functional tests from plyometric exercises to single-legged balance without pain or decreased performance before beginning sport activity. [142] [143] [144] A variety of functional performance tests have been studied in participants with FAI, [49] [50] [51] 145 ,146 yet the research on functional limitation after acute lateral ankle injuries is limited, which makes it difficult to objectively measure when an athlete is ready to RTP.
Tests can progress from relatively simple tasks such as single-legged balance, 130,147,148 1-legged heel or toe raises, 130, 148 or the Star Excursion Balance Test. [149] [150] [151] All can be done without advanced laboratory or clinical equipment. The single-legged balance test measures the amount of time in balance and can be performed with the eyes open or closed. 130, 147, 148 A more objective approach can be taken by incorporating the Balance Error Scoring System, which uses error measures that allow the clinician to quantify the athlete's postural stability. Although most of the research on the Balance Error Scoring System has been related to mild head injuries, 1 group 152 identified balance deficits in participants with FAI. A more dynamic test is the singlelegged heel or toe-rising test. When performed at a pace of 60 times per minute, this test can evaluate function and endurance of the lower leg muscles. 130, 148 Another dynamic measure of stability is the Star Excursion Balance Test (SEBT). To perform the SEBT, the athlete is instructed to stand on 1 leg and reach the contralateral leg as far as possible in 8 predetermined directions. (The 8-direction reach test was later simplified using a factor analysis.) Reach length is then standardized to the athlete's limb length. 153 This functional test incorporates ROM, strength, proprioception, and neuromuscular control. 150 The SEBT was determined to have a considerable amount of redundancy in the multiple reach directions. The posteromedial direction alone was the best predictor of overall performance in all directions. 154 Subsequently, in an attempt to improve reliability and further simplify this dynamic task, instrumented systems that test 3 directions (anterior, posteromedial, and posterolateral) have been created. Intertester and intratester reliability of this less complex task were good to excellent. 52 When dynamic balance was evaluated in patients with unilateral lateral ankle sprains using the SEBT, a significant balance deficit was identified in the sprained ankle compared with the contralateral, uninjured limb. 55 A myriad of more advanced single-limbed hopping tasks have also been evaluated at the ankle based on time to completion, distance covered, or errors committed. Examples of these tests are the single-limb hopping course, 49, 146 1-legged hop for distance, 51, 146 triple-crossover hop for distance, 146 6-m hop for time, 146 cross 6-m hop for time, 50 ,146 6-m shuttle run, 56 single-limb hopping agility test, 145 side hop, 50,51 and figure-8 test. 50, 51 One objective criterion that has been proposed to indicate readiness to RTP is 80% or better performance on the functional hopping test compared with the uninjured limb. 155, 156 These functional performance tests can be used throughout the rehabilitation process but are particularly helpful when making RTP decisions. With objective measures to quantify progress during rehabilitation, the clinician has data to aid in decision making. However, none of these measures should be used independently; each provides specific information on an athlete's readiness to RTP.
Taping, Bracing, and Footwear Considerations
Taping and bracing of the ankle are common practices in the athletic setting. Generally, taping and bracing are used prophylactically in an effort to prevent a first-time ankle sprain or, more often, to prevent recurrent ankle sprains. A significant amount of research on taping and bracing has been conducted, but few authors have investigated if these measures can reduce the incidence of lateral ankle sprains. Garrick and Requa 157 published 1 of the earliest studies on taping and bracing. They looked at intramural college basketball players over 2 years. One group received no tape, and the other received a standard tape application to the ankle. Interestingly, tape was more effective in those with a history of ankle sprains than in those without such a history. 157 Although this initial work focused on ankle taping, most researchers have investigated the effects of ankle bracing on the prevalence of ankle sprains. Regardless of the population being tested, bracing was effective in reducing the incidence of ankle sprains. [57] [58] [59] 158, [159] [160] [161] Sitler et al 160 evaluated a group of intramural basketball players over 2 years. Approximately half of the athletes wore no ankle brace, and half wore an Aircast Sports Stirrup. Injury rates were lower in the brace group than in the no-brace group: 1.6 sprains versus 5.2 sprains, respectively, per 1000 exposures. 160 Tropp et al 57 assessed soccer players and found that only 3% of the athletes who used a specialized ankle brace sustained an ankle sprain, whereas 17% of the athletes in the no-brace group sustained a sprain. 57 In a later study, Surve et al 158 concluded that in those with a history of previous ankle sprain, the semirigid brace was effective in reducing the number of subsequent sprains. All of these studies used a semirigid brace. McGuine et al 162 examined the effectiveness of lace-up ankle braces on first-time and recurrent ankle injuries in a group of high-risk high school basketball players. The lace-up ankle braces were beneficial in decreasing the rate of ankle injuries among high school basketball players, regardless of previous injuries. 162 This tightly controlled randomized clinical trial is the best evidence yet to support the use of ankle bracing in preventing both first-time and subsequent ankle sprains. When the effectiveness of taping to bracing was specifically compared, the results were mixed. Mickel et al 59 found that taping and bracing were equally effective in reducing the incidence of ankle injuries. However, a limitation of their study was the relatively low number of ankle sprains that were reported. Conversely, 2 other groups 58, 159 reported that taping was much less effective than bracing in reducing the incidence of ankle injuries. Specifically, the use of an ankle brace reduced the risk of sustaining an ankle sprain by half compared with those who received ankle taping. 58 An alternative way to evaluate this question is by determining the NNT to prevent a single ankle sprain. Olmstead et al 163 demonstrated that 143 uninjured athletes and 26 previously injured athletes needed to be taped to prevent a single ankle sprain. When using a brace, the NNT was substantially lower. One limitation of this work is that only 3 published studies provided the data to conduct this calculation. 157, 158, 160 Regardless of the type of prophylactic support, a common theme in the literature is that these methods are more effective in people with a history of ankle injuries. 57, 157, 158, 163, 164 Surve et al 158 found that only players who had a previous history of ankle sprains had a reduction in the incidence of ankle sprains when wearing a semirigid brace. In the athletes without a history of ankle injuries, there was no difference in the incidence of ankle sprains between the control and braced groups. This conclusion was reiterated in 2 systematic reviews 163, 164 that evaluated the effectiveness of ankle bracing and taping in preventing ankle sprains. The NNT to prevent a single ankle sprain was dramatically greater in athletes without a history of ankle sprain. 163 For example, to prevent a sprain, 5 athletes with a history of ankle sprains needed to be braced, whereas 57 athletes without a history of ankle sprains needed to be braced. 163 A separate systematic review 164 concluded that athletes with previous ankle sprains who either braced or taped the ankle had approximately 70% fewer ankle injuries than the athletes without prophylactic support. These findings were not mirrored in the previously uninjured athletes, in whom no differences were identified between the braced or taped participants and those not wearing a support. 164 These results prompt the question of whether it is appropriate to prophylactically brace or tape entire teams, regardless of the injury history. Recent evidence from the McGuine et al 162 study suggests that bracing is effective and beneficial, even from a cost perspective, in the long run.
An additional issue that needs to be evaluated is whether bracing or taping the ankle has any negative effect on other joints in the lower extremity, specifically the knee. To date, bracing or taping the ankle does not seem to increase prevalence of knee injuries. 157, 158, 160, 165, 166 However, most studies included a very small number of people who had sustained knee injuries, so definitive conclusions are difficult to make.
Work on the role of footwear in the incidence of ankle injuries has been limited and produced conflicting results. Part of this difference may be related to the type of athlete being studied. In basketball players, a high-top shoe with the ankle taped was more effective in preventing injuries than a low-top shoe with the ankle taped. 157 Conversely, in football athletes, a low-top shoe with ankle stabilizer was more effective in preventing injuries than a high-top shoe with ankle stabilizer. 58 Finally, 1 group 60 reported no differences between high-and low-top shoes in altering the prevalence of ankle sprains in basketball players, but this may be a moot point in today's world, where most basketball footwear is either 3 = 4 or full high top. The type of rear-foot cushioning may also contribute to the incidence of ankle sprains, but the literature on this topic conflicts as well. When elite basketball players were studied to determine which factors might predict the incidence of an ankle injury, those players who had shoes with air cells were 4 times more likely to sustain an ankle injury than those players who did not have shoes with air cells. 61 More recently, springlike rear-foot cushioning was examined, and no difference was found in the prevalence of ankle sprain among different types of shoes. 62 In general, more research related to this topic should be conducted before a conclusion can be drawn regarding the role of footwear in the incidence of ankle sprains.
Prevention of Lateral Ankle Sprains: Prophylactic Exercise
Prevention of orthopaedic injury is a high priority for all athletic trainers and other health care professionals who work with athletes. Information is available for external ankle supports, but data on other forms of injury prevention are limited. Most prospective studies aimed at determining the risk or incidence of ankle injury focus on balance and sensorimotor training. However, authors of some prospective investigations have looked at comprehensive programs designed to enhance strength, balance, sensorimotor function, and education about risk. Less compelling is other research that focused on strength and ROM deficits associated with a history of ankle injury. These may provide limited, indirect evidence of areas that should be considered in ankle-injury prevention.
The results of 2 recent prospective randomized controlled trials support the idea that supervised or unsupervised multiintervention training reduces the risk of ankle injury by approximately 35% in athletes, especially court athletes. 54, 63 The NNT analysis performed in these controlled trials revealed that 7 to 9 players needed to be treated with an injury-prevention program to prevent 1 ankle injury. A systematic review by Hubscher et al 167 suggested a similar reduction in risk (36%) of ankle sprains using comparable neuromuscular-control training regimens. The interventions in these studies included single-legged-stance balance training, balance training with additional perturbation, balance training with upper extremity movements or tasks, and dynamic jumping activities with a balance component. Other injury-prevention programs focusing on balance training have also shown a reduction in ankle-injury incidence, especially in athletes with a history of ankle injury. [67] [68] [69] McKeon and Hertel 41 reported a relative risk reduction of 20% to 60% based on these controlled trials.
Although this evidence appears compelling, many questions remain. The number of ankle sprains was reduced when each of these training programs was used; however, the reason for the reduction is largely unknown. Eils et al 63 noted a decrease in postural sway during single-legged stance and less error in sagittal-plane angle reproduction along with a reduction in ankle sprains after a multiintervention program. This would suggest that enhanced neuromuscular control translates into ankle-joint injury reduction, but more data are needed to solidify this conclusion. The duration, frequency, and length of the training programs reported here range from 10 minutes to 1 hour per session, repeated 1 to 7 times per week, and performed for 3 to 12 months. The optimal training protocol is still in question.
No direct evidence suggests that addressing ROM or strength should be considered strategies to prevent ankle injury. Yet indirectly, ROM and strength deficits have been identified in those with a history of ankle injury, and intuitively, each could play a role in providing mechanical and dynamic stability to the ankle during athletic activities. Strength deficits of leg muscles, specifically the plantar flexors, 70, 124 evertors, 71, 114 and invertors, 65, 71 have been reported in patients with ankle instability. Further, hipextensor and -abductor strength deficits have been shown. 70, 168 Strength deficits and imbalances may play a role in vulnerable positioning of the foot relative to the center of mass during movement, adding to the risk of ankle injury. Dorsiflexion deficits during movement have also been demonstrated in those with ankle instability 169, 170 ; removing the foot from its most stable, closed-packed position during the stance phase of gait 170 moves the toes closer to the ground during the swing phase. 169 No evidence indicates that these deficits are present in athletes without ankle instability, but dysfunction of these muscles and dorsiflexion deficits may result in susceptible positions during movement, causing injury. Therefore, it may be prudent to assess strength and dorsiflexion ROM in athletes as preventive measures for ankle injury, especially in those with a history of ankle injury.
Special Considerations: Syndesmotic Ankle Sprains
Ankle sprains that produce tenderness proximal to the ankle joint and do not show signs of fracture or diastasis are commonly referred to as syndesmotic or high ankle sprains. 83, 171, 172 They are frequently seen in athletes and may be associated with chronic pain, prolonged disability, recurrent ankle sprains, and heterotopic ossification. 83, 172, 173 Syndesmotic ankle sprains are generally caused by hyperpronation (external rotation, eversion, and abduction), hyperdorsiflexion or hyperplantar flexion, or another athlete falling onto the fixed ankle. 172, 174 Syndesmotic injury can also occur in athletes enduring chronic inversion and axial loading. 127, 173, 175 From an epidemiologic perspective, syndesmotic ankle sprains account for 1% to 11% of all ankle sprains 171, 172, 176, 177 ; however, in athletes, the prevalence rate may range from 40% to 74% of all ankle sprains. 72, 173, 178 The primary role of the syndesmosis is to maintain congruency of the tibiotalar joint interface under physiologic axial loading. 73 Clinicians need a thorough understanding of syndesmotic anatomy and biomechanics because recognizing proximal ankle injury can be difficult, given the variability in severity and disability of high ankle sprains. 73, 83, 127 Disability can range from days to months. Definitive clinical tests with which to grade severity and predict disability are lacking. 73, 74 Several clinical tests have been reported in the literature, including the squeeze test, Kleiger test (with modifications using dorsiflexion with rotation), fibular translation test, and Cotton test, but none have been able to qualify the extent of injury. A positive squeeze test is less common but associated with a prolonged recovery. The modified Kleiger test has the greatest intertester agreement and the lowest rate of falsepositive results 162, 164, 169 ; however, it cannot identify the specific laxity or instability. 73, 74 When performing these tests, the clinician should be attentive to the provocation or reduction of symptoms that may indicate a syndesmotic injury. These clinical tests should be compared with the results of functional and radiographic studies to better determine the injury.
Classically, the patient will complain of difficulty ''pushing off'' or of ''lacking power'' when trying to regain normal function. The optimal imaging studies that should be used to identify this injury continue to be debated. Similarly, consensus is lacking as to how to appropriately manage syndesmotic injury, but most 73, 83, 127, 172, 173 agree that early recognition and immobilization are important for appropriate care and recovery.
Management focuses on protecting the injured structures, treating symptoms, and increasing ROM, strength, and proprioceptive ability. For those injuries that demonstrate frank diastasis, joint incongruency on plain radiographs, or increased widening with stress radiographs, the diastasis may be best treated with surgical fixation.
The supportive role of the syndesmosis in normal ankle function cannot be overlooked. Therefore, a more conservative approach is needed to protect the syndesmosis, which is stressed throughout the ROM but particularly in the extremes of dorsiflexion and plantar flexion during weight bearing. No rehabilitation protocol is universally accepted, but recovery should focus on joint protection. Ankle braces that limit external rotation and extreme dorsiflexion and plantar flexion may be beneficial for those with syndesmotic ankle sprains. Rehabilitation emphasizes improving ROM, strength, proprioception, and functional ability. The RTP criteria should be based on ability to push off, run, cut, and function without gait limitations. Supportive taping and bracing limit hyperdorsiflexion, external rotation, and hyperpronation. An orthotic may be beneficial for functional return to activity.
Special Considerations: CAI
Chronic ankle instability is characterized by residual symptoms that include feelings of giving way and instability as well as repeated ankle sprains, persistent weakness, pain during activity, and self-reported disability. 179 Two primary components of CAI are mechanical instability (ie, pathologic laxity, impaired arthrokinematics, and joint degenerative changes) and functional instability (ie, altered neuromuscular control, strength deficits, and deficient postural control). 169 Chronic ankle instability is believed to occur secondary to an ankle sprain. Although most athletes return to full activity within 6 weeks of an ankle sprain, a large percentage (4% to 74%) report residual symptoms, including loss of function, repeated injury, and disability. 180, 181 Further, many athletes (74%) reported at least 1 residual symptom up to 4 years after injury. 181 Often, an ankle injury is treated as a minor orthopaedic condition; however, in light of these data, clinicians should understand the potential link between ankle injury and CAI. Additionally, repetitive injury and other symptoms associated with CAI may lead to premature osteoarthritis. 182 Several instruments have been developed to detect selfreported deficits associated with CAI. [76] [77] [78] 133 The FADI and its revised version, the FAAM; Ankle Instability Instrument; and CAIT are tools with published values for validity or reliability (or both). [76] [77] [78] 133 The FADI and FAAM provide a scale for activities of daily living and sports, offering added sensitivity for the athletic population. 76, 133 These tools are often used to identify a patient population to be studied in the research setting. However, they may also be used to detect the presence and severity of CAI in the clinical setting. The specific deficits that characterize mechanical ankle instability and FAI have been reviewed previously. 70, 183, 184 Hubbard et al 70 performed a relatively comprehensive assessment of CAI patients and reported that increased laxity (ie, greater inversion motion and anterior glide or the talus), balance deficits, and decreased dorsiflexion and plantar-flexion peak torque predicted CAI. Others noted limited dorsiflexion ROM, 169, 170 inhibition of the evertors and plantar flexors, 185 diminished hip-abductor 70, 168 and -extensor 70 strength, postural-control deficits, 45, 80 and altered movement strategies. 79, 169 These deficits and alterations are believed to contribute to the functional limitations and disability experienced by patients with CAI. Patients with CAI likely incorporate altered movement and protective strategies that predispose them to unprotected loads during functional movements. 183 More data are needed to determine how each of these measured deficiencies contributes to the chronic nature of instability.
Given the many deficits that have been linked to CAI, clinicians should focus their management efforts on restoring identified deficiencies while maintaining normal movement strategies. Mobilization with movement techniques has been reported to enhance dorsiflexion ROM in participants with a history of ankle sprains. 44, 81, 186 Hoch and McKeon 187 warned that these data should be considered with caution because the effect sizes were small to moderate and the confidence intervals consistently crossed zero. Several groups 63, 188, 18 have also shown positive outcomes in terms of reduced ankle sprains and measures of balance and postural control after exercise programs focused on progressive balance training, closed chain strengthening, and hopping exercises. 9 These exercise programs varied, but all consisted of single-legged-stance activities that demanded balance in challenging environments (unstable surfaces, movement, additional upper extremity tasks, etc). Mohammadi 189 used a singlelegged-stance activity performed for 30 minutes every day during a soccer season. The activity progressed from a stable surface to an ankle disk and from eyes open to eyes closed. Eils et al 63 used a series of stance, perturbed-stance, and jumping exercises performed once per week for 20 minutes over a single basketball season. Finally, McKeon et al 188 used a series of stance, stance and reach, and jumping exercises performed 3 times per week for 4 weeks. More well-designed prospective studies are needed to determine if these intervention strategies have positive long-term outcomes for patients with CAI. For now, these strategies hold promise for reducing symptoms and risk; we must realize, however, that failed conservative management of CAI is still prevalent and other interventions (eg, surgery) may be necessary to help restore stability.
CONCLUSIONS
The clinical management of ankle sprains in athletes should include comprehensive assessment and treatment plans. Not all ankle sprains are alike, and it is important for each patient to have an individualized treatment plan. Because of the high frequency of recurrent ankle sprains, emphasis must be placed on preventing reinjury in addition to a safe return to athletic activities.
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